Purpose: To evaluate the efficacy and safety of intravitreal aflibercept injection (IAI) in Japanese patients with diabetic macular edema (DME).
I
t is estimated that 387 million people worldwide have diabetes mellitus. 1 Of these individuals, up to 11% will also have diabetic macular edema (DME), a serious complication of diabetic retinopathy, which, when left untreated, is the leading cause of blindness in working-age populations. [2] [3] [4] The rising incidence of diabetes and associated complications such as DME is of particular concern in Asian countries, such as Japan, where the national prevalence of diabetes is currently 7.6%. 1 The current standard of care for patients with DME in most countries, including those in Asia, is shifting away from the use of focal/grid laser photocoagulation and vitrectomy. 5, 6 Aside from the invasive nature of these treatments, visual outcomes are often limited, and they may also be associated with some adverse effects, such as scarring with laser 7 and vitreous hemorrhage after vitrectomy. 8 Other treatment options for patients with DME include the use of intravitreal 9 and off-label periocular steroids, i.e., triamcinolone and dexamethasone; the former has been approved in Japan for intravitreal injection 10 and the latter recently gained approval from the US Food and Drug Administration. 11 Increased awareness of the role that vascular endothelial growth factors (VEGFs), particularly VEGF-A, and placental growth factor play in the progression of DME has led to an interest in the use of anti-VEGF agents to treat patients with this condition. 12, 13 Anti-VEGF agents that are currently approved to treat DME include ranibizumab and aflibercept; bevacizumab is used, albeit off-label. Intravitreal aflibercept injection (IAI; also known in the scientific literature as VEGF Trap Eye or IVT-AFL) has been approved for the treatment of visual impairment because of DME in the United States, Europe, and, most recently, Japan. This approval was based on 2 Phase 3 studies (VIVID-DME and VISTA-DME) that demonstrated significant superiority of IAI 2 mg (plus sham laser) every 4 weeks (2q4) and 2 mg every 8 weeks after 5 initial monthly doses (2q8) over laser in both functional and anatomical outcomes. In addition to VISTA-DME and VIVID-DME, a clinical trial further examining IAI in Japanese patients for at least 1 year (VIVID-Japan) was also conducted. 14 In Europe, the recommended treatment is 1 IAI per month for 5 consecutive doses, followed by 1 injection every 2 months (8 weeks). 15 There is no requirement for monitoring between injections and, after the first 12 months of treatment with IAI, the treatment interval may be increased gradually ("treat-and-extend" regimen) to maintain stable visual and/or anatomical outcomes. The schedule for monitoring should be determined by the treating physician. In the United States, the recommended dose is 2-mg IAI every 4 weeks (monthly) for the first 5 injections followed by 2-mg IAI once every 2 months (8 weeks). 16 Similar to the United States, in Japan, 17 treatment is initiated with 1 IAI per month for 5 consecutive doses; thereafter, the recommended treatment is usually 1 IAI every 2 months. The dosing interval may be adjusted according to the patient's symptoms and conditions; however, the interval should be at least 1 month or longer. In addition to supplementing the efficacy and safety information observed in the VIVID trial, the aim of the current study is to investigate whether regional and ethnic differences had an effect on the efficacy and safety of IAI by examining Japanese patients who were treated with IAI in VIVID-DME and VIVID-Japan.
Patients and Methods

Design
This was an analysis of 2 key IAI studies: VIVID-DME (NCT01331681) and VIVID-Japan (NCT01512966). It should be noted that VISTA-DME was not included in the current analysis because it did not enroll Japanese patients. VIVID-DME was a Phase 3, randomized, double-masked, active-controlled study in patients with clinically significant DME with central involvement and best-corrected visual acuity (BCVA) (Early Treatment Diabetic Retinopathy Study [ETDRS] ) ranging from 20/40 to 20/320. VIVID-DME enrolled patients from 73 sites across Europe, Japan, and Australia. The design of this study is described in detail elsewhere. 14 VIVID-Japan was conducted specifically in a Japanese population with DME (in response to a request from the regulatory authority) and was a nonrandomized, multicenter, open-label safety study in patients with clinically significantly DME with central involvement and BCVA (ETDRS) 20/40 to 20/320. Patients from 17 sites across Japan were enrolled. Studies were performed in accordance with the Declaration of Helsinki and International Conference on Harmonisation Good Clinical Practice guidelines and were approved by the relevant independent ethics committees and institutional review boards in participating countries. All patients were required to provide written informed consent.
Patients
All inclusion and exclusion criteria listed are valid for both VIVID-DME and VIVID-Japan unless otherwise indicated. Patients with Type 1 or 2 diabetes mellitus were included if they were aged $18 years and had DME secondary to diabetes mellitus involving the center of the macula (only one eye per patient was included), a BCVA ETDRS letter score in the study eye of 73 to 24 (20/40-20/320 Snellen equivalent), a decrease in vision determined to be primarily the result of DME in the study eye, and/or retinal thickness, as assessed by optical coherence tomography, of $300 mm in the study eye. Patients must also have been willing and able to comply with clinic visits and study-related procedures and provide a signed informed consent form.
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Patients were excluded if they had 1) ocular conditions with a poorer prognosis in the fellow eye than in the study eye; 2) a history of vitreoretinal surgery and/or including scleral buckling in the study eye; 3) laser photocoagulation (panretinal or macular) in the study eye within 90 days (or 30 days in VIVIDJapan) before Day 1; 4) previous use of intraocular or periocular corticosteroids in the study eye within 120 days of Day 1; 5) previous treatment with antiangiogenic drugs in either eye (e.g., pegaptanib sodium, bevacizumab, and ranibizumab) within 90 days before Day 1; 6) intraocular pressure $25 mmHg in the study eye; and/or 7) uncontrolled diabetes mellitus, as defined by glycosylated hemoglobin (HbA 1c ) .12%. Patients who were pregnant or breastfeeding were also excluded. See PDF, Supplemental Digital Content 1 for a summary of the complete exclusion criteria, http://links.lww.com/IAE/A818.
Treatments
In VIVID-DME, patients were stratified by geographic region (Japan vs. Europe/Australia) and randomized 1:1:1 to the following three groups: IAI 2 mg (plus sham laser) every 4 weeks (2q4) to Week 148 (plus sham laser if retreatment criteria were met), IAI 2 mg every 4 weeks until Week 16, followed by dosing every 8 weeks (2q8) until Week 148 (plus sham laser if retreatment criteria were met), and laser photocoagulation at baseline (with sham intraocular injections at each visit), with retreatment with laser photocoagulation from Week 12 onward if retreatment criteria were met. From Week 12, laser photocoagulation was allowed if retreatment criteria were met. Additional details on treatments and assessments (including rescue medication use) in VIVID-DME have been reported previously. 14 In VIVID-Japan, patients received IAI 2 mg every 4 weeks until Week 16 followed by 2q8 dosing until Week 52 (last treatment visit at Week 48).
Outcome Measures
In VIVID-DME, the primary efficacy endpoint was the change from baseline in BCVA in ETDRS letters at Week 52. Secondary efficacy endpoints were 1) the Fig. 1 . Patient disposition in VIVID-DME and VIVID-Japan. *Of the 73 patients assigned to treatment, one patient withdrew consent and was excluded from the analyses. 2q8, 2 mg every 4 weeks (2q4) from baseline to Week 16 (5 doses) followed by dosing every 8 weeks through Week 48; FAS, full analysis set; SAS, safety analysis set.
proportion of patients gaining $10 or $15 letters in the study eye from baseline to Week 52; 2) the mean change in central retinal thickness (CRT) from baseline to Week 52; and 3) the proportion of eyes with a $2-step improvement in the ETDRS Diabetic Retinopathy Severity Scale (DRSS) score at Week 52. Safety was also assessed in VIVID-DME and included all randomized patients who received any study treatment.
Methodologies for measuring outcomes have been described previously. 14 The primary objective of the VIVID-Japan study was to evaluate safety and tolerability of IAI at Week 52; however, the efficacy endpoints described for VIVID-DME were also evaluated.
Statistical Analyses
For VIVID-DME, efficacy was evaluated in the full analysis set (patients who received study treatment and had a baseline and $1 postbaseline BCVA measurement). For VIVID-Japan, efficacy was evaluated in the patients of the safety analysis set (treated patients) who had a baseline and $1 postbaseline measurement of the respective efficacy variable.
Missing values were imputed using the last observation carried forward method. For eyes that received rescue treatment, the last value before rescue treatment was carried forward and used for analyses, with values after rescue treatment censored.
Both Japanese and non-Japanese populations were included; the Japanese population included all patients who were randomized to treatment in Japan. All results are presented in a descriptive manner.
Results
Patients
Patient disposition is illustrated in Figure 1 . A total of 475 patients (non-Japanese and Japanese) with DME were included in the efficacy analyses (full analysis set) of VIVID-DME (n = 403) and VIVID-Japan (n = 72); of these, 148 were Japanese (VIVID-DME: n = 76; VIVID-Japan: n = 72).
Baseline characteristics are summarized in Table  1 . Overall, patients were well matched with regard to sex, age, baseline BCVA (ETDRS letters), and CRT; however, there were some differences in the duration (years) and control of diabetes (proportion of patients with HbA 1c .8%; Table 1 ). In general, patients in the IAI groups had a shorter duration of diabetes than those in the laser groups, whereas HbA 1c was less controlled in the non-Japanese population compared with the Japanese population.
Treatment Exposure
For the non-Japanese population of VIVID-DME, the mean number of active injections in the 2q4 and Mean change from baseline to Week 52 in BCVA (ETDRS letters) in the non-Japanese population (VIVID-DME) (A), Japanese population (VIVID-DME) (B), and Japanese population (VIVID-Japan) (C). 2q4, 2 mg every 4 weeks; 2q8, 2 mg every 8 weeks; LOCF, last observation carried forward.
2q8 groups over the 52-week period was 12.2 and 8.6, respectively. The mean treatment duration in non-Japanese patients in the 2q4 and 2q8 groups was 49.7 weeks and 50.5 weeks, respectively. Similarly, for Japanese patients in the VIVID-DME study, the mean number of active injections in the 2q4 and 2q8 groups at Week 52 was 12.0 and 8.9, respectively. The mean treatment duration in Japanese patients in the 2q4 and 2q8 groups of the VIVID-DME study was 48.6 weeks and 51.7 weeks, respectively.
For Japanese patients in the VIVID-Japan study, the mean number of active injections at Week 52 was 8.7. The mean treatment duration was 49.7 weeks. Fig. 3 . Proportion of patients (%) who gained or lost $5, $10, or $15 ETDRS letters at Week 52 in the non-Japanese population (VIVID-DME) (A), Japanese population (VIVID-DME) (B), and Japanese population (VIVID-Japan) (C). Note that data for $5-letter gain were not studied in VIVIDJapan. 2q4, 2 mg every 4 weeks; 2q8, 2 mg every 8 weeks; LOCF, last observation carried forward. Fig. 4 . Mean change from baseline to Week 52 in CRT (mm) in The non-Japanese population (VIVID-DME) (A), Japanese population (VIVID-DME) (B), and Japanese population (VIVID-Japan) (C). 2q4, 2 mg every 4 weeks; 2q8, 2 mg every 8 weeks; LOCF, last observation carried forward.
In the non-Japanese population of VIVID-DME, 5, 11, and 27 patients in the 2q4, 2q8, and laser groups, respectively, received rescue treatment over the duration of the study; in the Japanese population of VIVID-DME, 1, 0, and 5 patients, respectively, received rescue treatment (data on file).
Visual and Anatomical Outcomes
The mean improvement in BCVA (ETDRS letter score) over the 52-week period was greater in the IAI 2q4 and 2q8 groups compared with laser and was consistent between the non-Japanese and Japanese populations. In the non-Japanese population of VIVID-DME, the mean (SD) change in ETDRS letter score for the 2q4, 2q8, and laser groups was 10.6 (10.2), 10.9 (9.7), and 1.2 (11.0) (Figure 2A ). In the Japanese population of VIVID-DME, the mean change in ETDRS letters was 9.8 (6.1), 9.5 (7.3), and 1.1 (9.4), respectively ( Figure 2B) ; in VIVID-Japan, the mean change in ETDRS letters for the 2q8 group was 9.3 (9.3) ( Figure 2C) . Figure 3 shows the proportion of patients who gained/ lost $5, $10, and $15 ETDRS letters. In the nonJapanese population of VIVID-DME, the proportion of eyes that gained $15 ETDRS letters for the 2q4, 2q8, and laser groups was 34.5, 35.5, and 9.3%, respectively ( Figure 3A, left panel) . In the Japanese population of VIVID-DME, the proportion of eyes that gained $15 ETDRS letters for the 2q4, 2q8, and laser groups was 23.1, 24.0, and 8, respectively ( Figure 3B, left panel) ; in VIVID-Japan, 23.6% of eyes gained $15 ETDRS letters (IAI 2q8 only) ( Figure 3C, left panel) .
In the non-Japanese population of VIVID-DME, the mean (SD) change in CRT from baseline to Week 52 for the 2q4, 2q8, and laser groups was 2189.5 (144.8) mm, 2195.1 (161.3) mm, and -68.4 (143.2) mm, respectively ( Figure 4A) ; the absolute mean value at Week 52 was 308.2 (74.6) mm, 332.4 (115.3) mm, and 465.7 (183.1) mm, respectively. In the Japanese population of VIVID-DME, the mean change in CRT from baseline to Week 52 for the 2q4, 2q8, and laser groups was -218.2 (154.6) mm, -180.7 (84.3) mm, and -56.4 (121.6) mm, respectively ( Figure 4B) ; the absolute mean value at Week 52 was 307.4 (67.6) mm, 298.0 (72.9) mm, and 510.4 (149.5) mm, respectively. In VIVID-Japan, the mean change in CRT from baseline to Week 52 was -202.0 (150.8) mm (IAI 2q8 only) ( Figure 4C) ; the absolute mean value at Week 52 was 312.2 (103.6) mm.
In the non-Japanese population of VIVID-DME, the proportion of patients whose DRSS ETDRS score was improved by $2 steps at Week 52 was 33.8, 21.9, and 4.6%, in the 2q4, 2q8, and laser groups, respectively. In the Japanese population of VIVID-DME, the proportion of patients whose DRSS ETDRS score was improved by $2 steps at Week 52 was 31.3, 47.4, and 20.0%, respectively. The DRSS ETDRS score was not evaluated in VIVID-Japan. 
Safety Outcomes
Overall, in the non-Japanese and Japanese populations, the incidence of adverse events and serious adverse events was similar across all treatment groups through 52 weeks of treatment (Table 2 ). There were no cases of endophthalmitis in the study eyes of patients in the two populations and, the incidence of Antiplatelet Trialists' Collaboration-defined arterial thromboembolic events (APTC-ATEs) was low. Two deaths were reported in patients receiving IAI 2q8; 1 death, in the Japanese population of VIVID-DME, was considered related to drug by the investigator; however, the other death, in VIVID-Japan, was not considered drug related. Detailed safety outcomes are summarized in Table 2 .
Discussion
Overall, this study found that, in Japanese patients with DME, IAI treatment was superior to laser for both visual and anatomical outcomes, i.e., the proportion of patients whose visual acuity was improved by $5, $10, or $15 BCVA letters from baseline, the mean variation in CRT from baseline to Week 52, and the proportion of eyes that had a $2-step improvement in their DRSS ETDRS score at Week 52. Furthermore, the observed efficacy and safety outcomes were similar to those observed in a non-Japanese patient population (VIVID-DME).
With an aging population, the prevalence of diabetes mellitus 1 and its associated vision-related complications (including DME) has increased substantially worldwide, and particularly within Asia. As the overall prevalence of DME in Asian patients with diabetes mellitus is now comparable with that in patients in the United States and Europe (0.85-12.3%), 18 there is an increasing need for new treatment options in this region as well. Anti-VEGF agents, which have recently been approved in Japan for the treatment of visual impairment because of DME, are one such option.
Although a number of efficacy and safety studies with anti-VEGF agents have been undertaken in patients with DME, including the RESOLVE, RESTORE, DRCR.net, READ-2, RISE, RIDE, Protocol T, and VIVID-DME and VISTA-DME studies, 14, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] there are currently few published data on the use of anti-VEGF agents specifically in an Asian patient population, in particular, Japanese patients. 14, 30 The aim of the current study was therefore to further investigate whether regional and ethnic differences had an effect on the efficacy and safety of IAI in Japanese and non-Japanese patients included in the VIVID-DME study. As only 18.9% (n = 76/403) of patients enrolled in VIVID-DME were Japanese, it was important to compare the findings of VIVID-DME with those of a Japanese population with DME (VIVID-JAPAN) to evaluate the efficacy and safety of IAI in Japanese patients with DME; the findings were consistent. In the original VIVID-DME and VISTA-DME studies, Korobelnik et al 14 demonstrated the superiority of IAI 2q4 and 2q8 over laser for both functional and anatomical outcomes. The findings from the subgroup analysis reported here seem to mirror the findings reported for the overall patient population studied in VIVID-DME. At Week 52, Japanese patients with DME who were randomized to the IAI 2q4 (9.8 ETDRS letters) or IAI 2q8 (9.5 ETDRS letters) regimens experienced improvements in BCVA compared with laser (1.1 ETDRS letters).
REVEAL, a 12-month, multicenter, Phase 3 study, is one of the few other trials to investigate anti-VEGF use in Asian patient populations. 31 In total, 396 Asian patients with DME were randomized to receive 0.5-mg ranibizumab (plus sham laser) pro re nata, 0.5-mg ranibizumab (plus active laser) pro re nata, or active laser (plus sham injections). REVEAL demonstrated that ranibizumab, when used alone (5.9 ETDRS letters) or in combination with laser (5.7 ETDRS letters), was associated with a numerically and statistically greater change in BCVA from baseline than laser treatment alone (1.4 ETDRS letters; both P , 0.0001); however, the study did not meet its primary objective for superiority of at least a 5-letter difference. 31 In addition to the visual results, no new ocular or nonocular safety findings were observed and treatment was well tolerated over 12 months.
In the current subgroup analysis, the greatest gains in BCVA letters were observed during the initial injection periods (both IAI 2q4 and 2q8 groups); thereafter, these gains were maintained or increased until Week 52. Overall, the time courses for mean variation in BCVA in the non-Japanese and Japanese populations were comparable.
In the non-Japanese and Japanese populations of the current study, the incidence of adverse events and serious adverse events was similar across all treatment groups through 52 weeks of treatment. There were no cases of endophthalmitis and the incidence of APTCATEs and deaths was low.
Overall, in the two patient populations, the IAI 2q4 and 2q8 treatment regimens seem to be similar in terms of efficacy and safety outcomes, mirroring the observations made in the original VIVID-DME and VISTA-DME studies.
Conclusion
In this subgroup analysis of Japanese patients with DME, IAI treatment was superior to laser for both visual and anatomical outcomes and resulted in efficacy and safety outcomes similar to those observed for a non-Japanese patient population.
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